Objective: To explore the impact of expanded eligibility criteria for antiretroviral therapy (ART) on median CD4 + cell count at ART initiation and early mortality on ART.
INTRODUCTION
Rapid scale-up of public health antiretroviral therapy (ART) programmes in the past decade has led to over 8 million HIV-infected individuals receiving treatment in low-and middle-income countries. 1 One of the persistent challenges in sub-Saharan Africa has been the high rate of early mortality on ART, observed consistently in programmes from the region, and reported to be substantially higher than in high-income settings. [2] [3] [4] [5] There is strong evidence that mortality can be reduced with earlier initiation of ART 6, 7 ; in 2010, the World Health Organization (WHO) changed the recommended CD4 + cell count threshold for initiation of ART from 200 to 350 cells per microliter. 8 This recommendation has now been adopted by several countries, including South Africa, the country with the largest HIV treatment programme in the world. 9 There is as yet limited evidence that adoption of these policies has led to changes in the timing of presentation for care and treatment or to early mortality on ART: one study from Lesotho demonstrated that earlier initiation (CD4 + cell count .200 cells per microliter compared with ,200 cells per microliter) was feasible and associated with lower mortality in a routine programmatic setting. 10 Here, our main objective was to use data from a large rural HIV treatment programme, where care is decentralized to primary health care level, to assess trends in CD4 + cell count at initiation of ART, and mortality in the first three months after ART initiation. In particular, we set out to test the hypothesis that early mortality would decline after the expansion of treatment eligibility criteria in 2011. The manuscript was prepared with reference to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement. 11, 12 
METHODS
The Hlabisa HIV Treatment and Care Programme
The Hlabisa HIV Treatment and Care Programme provides comprehensive HIV services at 17 primary health care clinics and 1 district hospital in the predominantly rural Hlabisa subdistrict (1430 km 2 ) in northern KwaZulu-Natal. 4, 13 The programme is coordinated by the local Department 
Data Collection
Clinical information is collected at time of ART initiation for all individuals and transferred from standardized paper-based clinic records to a Microsoft SQL database (Microsoft, Redmond, WA) housed at the Africa Centre. Paper-based records are used at each clinic to capture subsequent visits during follow-up on ART and to document any change in vital status [death, loss to follow-up (LTF), transfer out]. Information from these records is transferred to the database at the end of each month. As part of routine programme operations, a single tracking team attempts to contact individuals who have missed clinic visits and thus identifies deaths in those lost to follow-up. To further improve data on mortality for those lost to follow-up, mortality data from the district hospital information system (recording inhospital deaths since January 2011) are imported to the programme database periodically. Furthermore, mortality data from the Africa Centre Demographic Surveillance System are also used periodically to update vital status for individuals lost to follow-up (approximately 40% of adults enrolled in the treatment programme are members of the surveillance system). 13, 16 With both these systems, individual records are linked between databases after a standardized protocol using the South African identity number, name, surname, age, and sex.
All CD4 + cell counts were performed by the National Health Laboratory Service using the Beckman Coulter EPICS XL flow cytometer (Beckman Coulter Inc., Brea, CA). Since January 2007, all CD4 + cell count results from the subdistrict were provided by the National Health Laboratory Service and were transferred to the programme database on a fortnightly basis; laboratory records were merged with existing clinical records after a standardized protocol using the unique South African identity number, name, and date of birth. For individuals not yet commenced on ART, the database holds only CD4 + cell count results but no clinical information. 17 
Data Analysis
All adults ($16 years) initiated on first-line ART between August 2004 and July 2012 and with a baseline CD4 + cell count were included in the main analysis, unless they had transferred into the programme already on ART (as for this group, CD4 + cell count at initiation was not known). Baseline CD4 + cell count was defined as the last measured CD4 + cell count up to 180 days before the date of ART initiation. Individuals were divided into 8 groups on the basis of the date of ART initiation (12-month period from August to July). This categorization was chosen to allow clear delineation before and after the change in CD4 + cell count threshold to 350 cells per microliter for all (August 2011). Baseline CD4 + cell counts were described with summary statistics: median, interquartile range (IQR), and proportions in predefined categories (,50, 50-200, 201-350, and .350 cells per microliter). Trends in baseline CD4 + cell count were examined for all adults and then for separate groups (males, pregnant females, and nonpregnant females). To explore temporal changes in timing of first presentation for care since 2007, the first recorded CD4 + cell count was used for all adults ($16 years at test date). This was defined as the earliest recorded CD4 + cell count in the database, providing the test date was before the ART initiation date. Again these were summarized within groups based on the test date (12-month period from August to July starting in August 2007).
Early mortality was defined for this analysis as deaths within 3 months (#91 days) of ART initiation, a period previously reported to be responsible for approximately 60% of the deaths in the first year of ART in this programme. 18 LTF was defined as .90 days without a recorded clinic visit; transfer out was defined as formal transfer out of the programme (this did not include transfer between 2 clinics within the programme). Analysis allowed for at least 3 months follow-up for all individuals and a further 3 months before database closure (January 13, 2013) to allow capture of deaths and LTF that occurred during the first 3 months and to minimize bias. Competing risks analysis was used to generate cumulative incidence functions for mortality. 19 Follow-up time was censored at the date of last clinic visit for those who transferred out or were lost to follow-up. Analyses were also performed separately for males, nonpregnant females, and pregnant females. Competing risks regression was used to explore factors associated with early mortality. 20 Missing data for any categorical variable were included in the model as a separate category. Sensitivity analyses were conducted to explore the pattern of early mortality according to CD4 + cell count: early mortality rates were estimated by time period, restricted to those with CD4 + cell count ,50, #200, and .200 cells per microliter. Sensitivity analyses were also conducted under the assumption that either 20% or 40% of those individuals lost to follow-up in the last time period (2011-2012) had died. This was to allow for the possibility that deaths in the later cohorts were underrepresented because of the differential time for deaths to be captured both through routine programme systems and through linkage to the hospital information system and the Africa Centre Demographic Information System. We have previously shown by linking programme data to demographic surveillance data that 40% of adults lost to follow-up in the first 3 months of ART had died. 21 All analyses were conducted using STATA 11.2 (StataCorp, College Station, TX). Fig. 2A) . This pattern was consistent for both males and nonpregnant females (Figs. 2B,C) ; there were too few early deaths in the pregnant female group (n = 9) for temporal trends to be explored.
Ethics Statement
In competing risks regression, after adjustment for sex, age, baseline CD4 + cell count, and concurrent TB, the time period of ART initiation was strongly associated with mortality in the first 3 months of ART: subhazard ratio (SHR) 0. (Table 3 ). CD4 + cell count ,50 cells per microliter was strongly associated with early mortality (SHR: 4.25; 95% CI: 3.23 to 5.60). Compared with nonpregnant females, males had higher early mortality (SHR: 1.48; 95% CI: 1.28 to 1.70), whereas pregnant females had substantially lower early mortality (SHR: 0.23; 95% CI: 0.12 to 0.45).
When the analysis was restricted to individuals with CD4 + cell count ,50 cells per microliter and #200 cells per microliter, the substantial reduction in early mortality rate was still observed for the 2011-2012 cohort (see Table, 
DISCUSSION
In this observational study, we found evidence not only of earlier presentation for ART but also a substantial reduction in early mortality on ART subsequent to the change in CD4 + cell count eligibility criteria that took effect in South Africa in August 2011. Median CD4 + cell count at ART initiation remained higher and mortality remained lower for women during all time periods, consistent with the data from this region. 22, 23 However, it is encouraging that the increase in CD4 + cell count and reduction in early mortality for those who initiated ART in the last time period (2011-2012) were consistent for both the nonpregnant females and males. Pregnant women only represented about 7% of all adults who initiated ART and there were very few deaths in this group; so there was limited statistical power to observe any temporal trends. These data provide further encouragement at a time when substantial reductions in population-level mortality have been documented in this community and more broadly in South Africa. [24] [25] [26] [27] We have previously shown that during the first phase of rapid programme scale-up, there was no significant change in CD4 + cell count at ART initiation. 4 It seems that after the first policy change in 2010 to recommend ART at ,350 cells per microliter for TB patients and pregnant females, there was minimal change in the overall median CD4 + cell count at ART initiation, yet after the expansion to ,350 cells per microliter for all, there has been a definite increase. This suggests that, although antenatal care and TB services remain important entry points to HIV treatment, the contribution from these groups alone was too small to see a broader impact of the expanded eligibility criteria. The increase in overall median CD4 + cell count between 2010-2011 and 2011-2012 was 54 cells per microliter, which corresponds approximately to 6 months earlier in terms of disease progression according to our previous data. 17 The relationship between mortality risk and time period was maintained after adjustment for baseline CD4 + cell count, consistent with the fact that CD4 + cell count does not fully predict mortality, 28 and that other factors associated with earlier presentation, such as the absence of opportunistic infection, may have contributed to the mortality decline. It is noteworthy that in the last time period, there was a decline in the absolute number and the proportion of people who initiated ART with CD4 + cell count ,50 cells per microliter, as this remains the factor most strongly associated with early mortality, with a 4-fold increased risk of early mortality compared with CD4 + cell count of 201-350 cells per microliter.
These observations provide robust evidence that the reduction in early mortality has occurred since the policy change to recommend earlier initiation of ART, although a direct causal association cannot be inferred from these observational data. In common with data from other large programmes in South Africa, early mortality did not change in the first few years of programme scale-up. [29] [30] [31] Only in the last time period (2011-2012), there was a real decline in early mortality. There have been no specific interventions or programmatic changes that could easily explain the decline in early mortality. There is no formal package of care for individuals before eligibility for ART and retention in this group is suboptimal. 32 We have previously shown that TB is the most common cause of early mortality on ART and that prevalent TB at time of ART initiation is associated with almost double the risk of mortality on ART, in line with other studies in the region. [32] [33] [34] In this analysis, there was no independent association between TB and early mortality, although the statistical power to observe an association might have been affected by the lower risk of TB disease at higher CD4 + cell counts. 35 The implementation of isoniazid preventive therapy was scaled up from early 2010, yet provision remains patchy in this programme. It could be that improved integration of ART with TB treatment has contributed to the reduction in mortality, in line with findings from clinical trials. 36, 37 Alternatively, although there was no specific programmatic change, it could be related to clinic systems becoming more efficient over time, increased use of nurse-initiated ART, or by the shorter time needed for pre-ART work-up for people with higher CD4 + cell counts. Finally, given the change in the first-line antiretroviral regimen in 2010 from a stavudine- based to tenofovir-based regimen, we cannot discount that this may have accounted for some of the mortality change, although against this would be the fact that the majority of fatal adverse events related to stavudine (eg, lactic acidosis) occur after the first 3 months. 38 Earlier presentation for treatment may be not only indirectly related to the policy changes but also to improved HIV testing coverage in the community, facilitated by the nationwide HIV counseling and testing (HCT) campaign and local initiatives to scale up home-and community-based HIV counseling and testing. 39 This is supported by the fact that the CD4 + cell count at enrollment in the programme also shifted substantially in the period since August 2011, to the extent that almost half of the adults who enrolled into care between August 2011 and July 2012 had a CD4 + cell count .350 cells per microliter. Policy changes alone have no impact unless the health system is able to provide the services and individuals are able and willing to access those services. Our data are, therefore, important to show not only that people are accessing treatment earlier but that, so far, the health system has been able to cope with the increasing patient load. Not all countries are following WHO recommendations with regard to ART eligibility criteria, and these data should contribute to the evidence base around the impact of earlier access to ART. 40 As early LTF increased over time, mortality may have been underestimated, especially in the last time period because of the shorter time for deaths to be captured. The correction of mortality for LTF is complicated in our programme as, before analysis, some correction occurs routinely through linkage to the hospital information system and demographic surveillance system. Under a worst-case but unrealistic scenario, where the proportion of LTF in the last time period attributable to mortality was 40%, the estimated mortality decline was much less marked, but under a more realistic assumption of 20%, the decline remained significant.
The strengths of this analysis relate to the simplicity and quality of the data from a well-characterized treatment programme. Only 6% of adults who initiated ART had a missing baseline CD4 + cell count (considerably lower than the 25% reported from a multicohort collaboration in South Africa 41 ), thus minimizing potential bias. Nevertheless, interpretation of the findings should be subject to some caution. We were unable within this analysis to explore outcomes for those people who, while eligible, did not initiate ART. We cannot, therefore, exclude the possibility that unmeasured variations over time in mortality for those who did not access ART could offset the mortality decline observed for those who access ART, although the consistent decline in population-level mortality would argue against this. 27 Data regarding in-hospital deaths from the Hospital Information System were only available from January 2011 and in-hospital deaths during earlier time periods might have been missed if they had not been reported through the routine systems of the HIV treatment and care programme. However, this would be expected to bias the findings away from the null hypothesis and therefore would strengthen our findings. Although the findings should be broadly generalizable to public-sector programmes in South Africa, it is possible that not only extra financial support to the programme but also the research and community engagement activities in the area might influence access to and uptake of treatment and replication of this analysis should be performed with other programmes.
In conclusion, we have demonstrated that in this rural area, since the policy shift to recommend ART for all adults with CD4 + cell count ,350 cells per microliter, there has been a significant increase in the median baseline CD4 + cell count and a significant reduction in mortality within the first 3 months of ART. These findings provide support for national and international ART policies and highlight the importance of earlier ART initiation for achieving reductions in HIVrelated mortality. 
